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In Europe, the 2007–08 winter season was dominated by influenza virus A (H1N1) circulation through 

week 7, followed by influenza B virus from week 8 onward. Oseltamivir-resistant viruses A (H1N1) (ORVs) 

with H275Y mutation in the neuraminidase emerged independently of drug use. By country, the 

proportion of ORVs ranged from 0% to 68%, with the highest proportion in Norway. The average 

weighted prevalence of ORVs across Europe increased gradually over time, from near 0 in week 40 of 

2007 to 56% in week 19 of 2008 (mean 20%). Neuraminidase genes of ORVs possessing the H275Y 

substitution formed a homogeneous subgroup closely related to, but distinguishable from, those of 

oseltamivir-sensitive influenza viruses A (H1N1). Minor variants of ORVs emerged independently, 

indicating multiclonal ORVs. Overall, the clinical effect of ORVs in Europe, measured by influenza-like 

illness or acute respiratory infection, was unremarkable and consistent with normal seasonal activity. 

Infection with influenza viruses A (H1N1), A (H3N2), or B causes substantial human 

illness and excess death each year (1,2). Vaccination against seasonal influenza is the key control 

measure used in Europe to minimize illness and death. Antigenic mismatch between vaccine 

components and circulating viruses occurs every few years, requiring reformulation of the 

vaccine (1). In addition, suboptimal immunization in patient groups for which vaccine is 

recommended provides the rationale for use of antiviral drugs in the prophylaxis and treatment of 

influenza. M2 ion channel inhibitors (M2Is), amantadine and rimantadine, have been available 

since 1964, but adverse effects, rapid development of resistance, and lack of activity against 

influenza B have limited their usefulness (3). The introduction of neuraminidase inhibitors 

(NAIs), oral oseltamivir and inhaled zanamivir, which are active against both influenza type A 

and B viruses, was a major breakthrough in treatment and prophylaxis of influenza using 

antiviral drugs (4). However, prescription data indicate that they are not widely used in Europe 

(Figure 1); by contrast, in Japan during the 2003–04 season alone, ≈6 million NAI treatment 

courses were prescribed (5). 

Before the introduction of NAIs in 1999, and until 2007, <1% of viruses tested from 

unselected surveillance studies in a number of countries demonstrated natural resistance to NAIs 

(5–9). Limited development of resistance to oseltamivir has been observed in persons treated, 

with little evidence of onward transmission of resistant viruses (10), although low-level 

transmission of resistant variants cannot be discounted (11). However, oseltamivir-resistant 

viruses emerged in 18% (9/50) of treated Japanese children with influenza virus A (H3N2) 
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infection and 16% (7/43) of treated Japanese children with influenza virus A (H1N1) infection, 

also with no evidence that these viruses transmitted efficiently (12,13). 

In late January 2008, we reported an unexpected high level and unexpected spread of 

oseltamivir-resistant influenza viruses A (H1N1) (ORVs) in Europe caused by a H275Y (H274Y 

in N2 numbering) amino acid substitution in the neuraminidase (NA) of these viruses (14). Here, 

we analyze the distribution and transmission of ORVs in Europe during the winter of 2007–08, 

when influenza viruses A (H1N1) were the predominant circulating viruses in European 

countries (Table). 

Methods 

Clinical Influenza Activity 

The European Influenza Surveillance Scheme (EISS) actively monitored influenza 

activity from week 40 (October 1–7) of 2007 through week 19 (May 5–11) of 2008. EISS covers 

all 27 European Union countries plus Croatia, Norway, Serbia, Switzerland, Turkey, and 

Ukraine. In each country each week, 1 or several networks of sentinel general practitioners (GPs) 

reported rates of consultation for influenza-like illness (ILI) or acute respiratory infection (ARI) 

(15–17). ARI includes ILI and all other acute respiratory infections. For Croatia, Finland, 

Turkey, and Ukraine, no consultation data were available. 

Virologic Analysis 

Sentinel GPs involved in clinical data recording of ILI or ARI also send nasal, 

pharyngeal, or nasopharyngeal specimens from a subset of their patients to the National 

Influenza Centers (NICs) for virus detection and characterization by using a variety of genetic or 

phenotypic methods (18–20). The NICs also analyzed specimens and influenza viruses obtained 

from other sources (e.g., from nonsentinel GPs, hospitals, or institutions). For Cyprus and 

Turkey, no virus detection data were available. 

Antiviral Susceptibility Monitoring 

Antiviral susceptibility data were generated either through the European Surveillance 

Network for Vigilance against Viral Resistance (VIRGIL) project at a single laboratory in 

London (UK Health Protection Agency) or directly by individual NICs by using methods 

described previously (14,21). Genetic analysis of virus isolates or clinical specimens was 
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performed by using cycle-sequencing or pyrosequencing the NA gene, targeting the H275Y 

amino acid substitution in the N1 NA (22). The 50% inhibitory NAI concentration (IC50) of virus 

isolates was determined by using fluorescent or chemiluminescent enzyme assays (23,24). ORVs 

were defined as influenza viruses A (H1N1) with an IC50 >100 nmol/L for oseltamivir. 

Susceptibility to zanamivir was determined by using the same enzymatic method. Susceptibility 

to M2Is was determined by cycle-sequencing or pyrosequencing the M2 protein gene, targeting 

known resistance markers. Antiviral susceptibility data were not available for Cyprus, Lithuania, 

and Malta. 

Data Analysis 

To obtain United Kingdom estimates, clinical and virologic surveillance data and 

antiviral susceptibility data were totaled for England, Northern Ireland, Scotland, and Wales. A 

single web-based European database at the EISS password-protected website (www.eiss.org) 

was used to collect antiviral susceptibility data and linked patient demographic and clinical data 

(25). Updates on possible resistant viruses were provided at regular intervals to EISS members, 

the World Health Organization, and the European Centre for Disease Prevention and Control. 

The timing of the first week of continuous detection of influenza A virus and ORVs 

across Europe, both based on date of specimen collection, were analyzed by linear regression 

analysis using center longitude and center latitude of a country as explanatory variables. A 

maximum interruption of 1 week with no influenza virus A or ORV detection was allowed in 

estimating the first week of continuous detection. The average European delay between the first 

week of continuous detection of influenza virus A and of ORV was calculated as the average of 

the differences in number of weeks between both, by country. 

The analysis of temporal trends in the prevalence of ORVs in countries and for Europe 

was confounded by different levels of sampling in different countries (18), enhanced antiviral 

susceptibility testing in some countries, and lack of data on the proportion of ORVs for some or 

most weeks for several other countries. To ensure a more representative picture of temporal 

trends in the proportion of ORVs, a mixed effect logistic regression modeling approach (26,27) 

was used, which allows modeling of binomial proportions, i.e., a numerator and a denominator 

as a function of time, where the coefficients of this function are allowed to vary for each country 

around a mean value, combining data from all countries. If there are no observations or the 

Page 4 of 22 

http://www.eiss.org/


denominator is small, the fit will shrink to its overall mean, and uncertainties increase. Three 

fractions were modeled: “ILI per population covered,” “influenza A virus detections per 

specimens tested,” and “A (H1N1) resistant per A (H1N1) tested.” By multiplying the first 2 

fractions by the total population, we obtained the number of patients with ILI who had influenza 

A in a country. By dividing this number by the sum of the number of patients with ILI who had 

influenza A for all countries, we obtained the relative weights. By multiplying the weights with 

the prevalences of ORVs summed over all countries, we obtained the weekly European 

prevalences of ORVs. The modeled weekly prevalences of ORVs were subsequently used to 

calculate the average prevalence of ORVs by country and for Europe (Technical Appendix, 

available from www.cdc.gov/EID/content/15/4/pdfs/08-1280-Techapp.pdf). 

We performed all statistical analyses by using the software package R version 2.8.0 (28). 

Box-and-whisker plot analysis was used to select viruses with outlying high IC50 values for 

further analysis (7,29). For oseltamivir outlier identification, all viruses defined as resistant for 

oseltamivir (IC50 >100 nmol/L) were first removed. Minor outliers were defined as values lying 

between the upper quartile (UQ) + 1.5 × interquartile region (IQR) and UQ + 3 × IQR; major 

outliers were defined as values lying above UQ + 3 × IQR, based on analysis of all viruses in a 

particular subtype over a particular winter season. 

Phylogenetic analysis of NA and hemagglutinin (HA) gene sequences used maximum 

parsimony (PAUP* version 4.0; Sinauer Associates, Sunderland, MA, USA). Sequences of 

ORVs and oseltamivir-sensitive influenza A (H1N1) viruses (OSVs) were chosen as 

representative of influenza viruses A (H1N1) isolated during the 2007–08 influenza season (i.e., 

weeks 40–52 of 2007 and weeks 1–19 of 2008) in different European countries and a few from 

other regions of the world and were compared with those of a few influenza viruses A (H1N1) 

isolated before the 2007–08 season, including sporadically isolated ORVs. GenBank accession 

numbers are listed in the Appendix Table. 

Results 

Seasonal Surveillance 

The 2007–08 influenza season in Europe was initially dominated by influenza viruses A 

(n = 10,720; 60% of all influenza virus detections). Influenza viruses B (n = 7,150; 40% of all 
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influenza virus detections) became dominant in week 8 (Figure 2). Of the 5,984 (56%) influenza 

viruses A subtyped, 5,748 (96%) were H1, and 236 (4%) were H3. Overall, influenza virus 

detections peaked in week 6, in week 4 for influenza viruses A (H1N1), and in week 8 for 

influenza viruses B. Of the 2,136 influenza viruses A (H1N1) characterized antigenically, 97% 

were reported to be closely related to the vaccine strain A/Solomon Islands/3/2006, although half 

of these viruses were reported to be more closely related to A/Brisbane/59/2007, the vaccine 

strain recommended for the 2008–09 season (30). 

The first countries in Europe where influenza viruses A started to circulate continuously 

were France, Spain, Switzerland, and the United Kingdom in week 40. Spatial analysis of the 

timing of the first week of continuous detection of influenza viruses A across Europe (n = 30 

countries) showed a west-to-east pattern: estimated parameter for longitude was 0.261 weeks per 

degree longitude (95% confidence interval [CI] 0.138–0.385, p = 0.001), and for latitude –0.108 

weeks per degree latitude (95% CI –0.324 through 0.108, p = 0.366), with R2 = 0.32 for the 

linear regression fit. 

Antiviral Susceptibility 

The estimated number of influenza viruses A (H1N1) among all detected influenza 

viruses A (n = 10,720) was 10,291 following extrapolation from the proportion of 96% influenza 

viruses A (H1N1) among all 5,984 subtyped influenza viruses A. Of the 10,291 influenza viruses 

A (H1N1), 2,949 (29%) were tested for antiviral susceptibility, 1,080 by both phenotypic assay 

(IC50 ) and sequencing, 601 by phenotypic assay alone, and 1,268 by sequencing alone. Of the 

2,949 viruses tested, 712 (24%) were oseltamivir resistant either by presence of the H275Y 

substitution (n = 548) or an IC50 >100 nmol/L for oseltamivir (n = 463) (Figure 3). Correlation 

was 100% between sensitive phenotype (IC50 <100 nmol/L) and the presence of H275 (n = 781) 

and between resistant phenotype (IC50 >100 nmol/L) and the presence of Y275 (n = 299). OSVs 

(n = 1,218) had a median IC50 of 1.7 nmol/L for oseltamivir (range 0.1 nmol/L–23.2 nmol/L) and 

only 9 minor outliers (thresholds IC50 >12.0 nmol/L and <53.1 nmol/L) were identified. ORVs 

(n = 463) had a median IC50 of 653 nmol/L (range 140 nmol/L–4,000 nmol/L). None of the 429 

phenotypically characterized ORVs showed evidence of resistance to zanamivir (median IC50 1.8 

nmol/L, range 0.2 nmol/L–25.8 nmol/L), and only 17 minor outliers (thresholds IC50 >8.5 

nmol/L and <27.5 nmol/L) were identified. None of 237 ORVs tested for M2I sensitivity had any 

of the common resistance substitutions in the M2 protein. 
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ORVs were detected in 22 of the 30 countries for which susceptibility data were 

available, with Norway having the highest proportion of ORVs (Figure 4). Modeling showed the 

overall average prevalence of ORVs by country ranged from 8.3% (95% CI 1.3%–21%) in Italy 

to 65.0% (95% CI 58.2%–71.3%) in Norway; for Europe, the average prevalence of ORVs was 

20.1% (95% CI 15.2%–24.6%). 

The earliest detection of ORVs was in France and the United Kingdom in week 46 and in 

Norway in week 47. Countries where continuous detection of ORVs first began included Norway 

in week 47, France in week 49, the United Kingdom in week 51, and the Netherlands in week 52. 

Spatial analysis of the timing of the first week of continuous ORV detection across Europe (n = 

14 countries) showed a west-to-east trend pattern: estimated parameter for longitude was 0.156 

weeks per degree longitude (95% CI 0.033–0.280, p = 0.031), and for latitude 0.007 weeks per 

degree latitude (95% CI –0.209 through 0.223, p = 0.953), with R2 = 0.36 for the linear 

regression fit. The average delay between the first week of continuous detection of influenza 

virus A and continuous detection of ORV was 5.7 weeks (range 0–15, 95% CI 2.8–8.4). 

Modeling showed a gradual increase for Europe in prevalence of ORVs over time, from 

close to 0 in week 40 to ≈56% in week 19 (Figure 5). This overall increase reflected prevalence 

increases in most individual countries in addition to Norway where the modeled prevalence 

started high at ≈60% and remained so throughout the period of virus circulation (Appendix 

Figure). Outside the main influenza virus A (H1N1) outbreak period, from week 51 to week 10 

(Figure 2), the CIs for the prevalence of ORVs by country and for Europe were wide (Figure 5; 

online Technical Appendix) because of the low numbers of influenza virus A (H1N1) detected or 

analyzed for antiviral resistance (online Technical Appendix). 

Phylogenetic Analysis 

Phylogenetic comparisons of HA and NA genes showed that the sequences of most 

recent European influenza viruses A (H1N1) fell within clade 2B, represented by 

A/Brisbane/59/2007, the recently recommended vaccine virus for 2008–09 (Figure 6). The NA 

sequences of most European ORVs form a cluster, characterized by a difference in amino acid 

residue 354 (D354G), as well as 275 (H275Y) compared with OSVs, including some ORVs from 

the United States and Japan (30,31). A degree of heterogeneity was observed, especially among 

ORVs from the United Kingdom; however, the NA sequences in these smaller clusters, 
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represented by, for example, A/Scotland/5/2008 (and A/Hawaii/21/2007) or 

A/England/654/2007, are not distinguished from those of OSVs by any common amino acid 

differences other than H275Y. Some of these sequences fall close to those of ORVs recently 

isolated in Japan (31). The corresponding HA gene sequences within clade 2B, however, did not 

exhibit segregation complementary to that for NA gene sequences and no common amino acid 

changes distinguished ORVs and OSVs (Figure 6). Although the D344N substitution in NA has 

been associated with increases in the enzyme activity (32), this amino acid is common to both 

clades 2B and 2C, and none of the clade-specific differences between the NA (13 amino acids) 

or HA (6 amino acids) can readily account for the greater proportion of ORVs in clade 2B over 

clade 2C viruses. 

Discussion 

Unexpectedly, influenza viruses A (H1N1) with a single amino acid substitution H275Y 

in the NA, which caused a several hundred-fold selective reduction in susceptibility to 

oseltamivir, emerged and were sustained in circulation in Europe during 2007–08, despite low 

antivirual drug use (Figure 1). Before the 2007–08 season, <1% of viruses tested since the start 

of European antiviral surveillance in 2004 had IC50 values >100 nmol/L for NAI drugs (A. 

Lackenby et al., unpub. data), in concordance with results from worldwide surveillance (8,9). In 

2007–08, influenza viruses A (H3N2) and B circulating in Europe remained sensitive to NAI 

drugs. 

This emergence of oseltamivir-resistant influenza virus A (H1N1) in Europe coincided 

with the dominant circulation of this virus subtype during the 2007–08 winter in Europe and the 

emergence of a new drift variant, A/Brisbane/59/2007 (30). Of the last 12 influenza seasons, 

influenza viruses A (H1N1) were dominant only in 2000–01, which included a new drift variant, 

A/New Caledonia/20/99 (20). In the other 10 seasons, influenza viruses A (H1N1) played a 

minor role, with influenza viruses A (H3N2) dominant in 9 seasons. Compared with 2000–01, 

peak incidence rates for ILI or ARI in 7 of 13 countries were similar or lower in 2007–08 

(Table). In 6 countries, the peak incidence rates were significantly higher in 2007–08 than in 

2000–01, but with a <2-fold difference in 5 countries and, in Spain only, a 4.8-fold difference. 

Both the 2000–01 and 2007–08 seasons were unremarkable in the overall clinical impact of 
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influenza, with normal seasonal activity as measured by comparison of peak incidence rates for 

all seasons since 2000–01. 

Sporadically occurring A/New Caledonia/20/99-like ORVs with H275Y were detected 

during the 2006–07 season in the United Kingdom and United States but did not become 

epidemiologically important. Indeed, the genetic background plays a role in retaining the 

replication efficiency and pathogenicity of recombinant influenza viruses A (H5N1) and A 

(H1N1) after introduction of tyrosine at position 275 (33). Furthermore, other previously 

analyzed influenza viruses A (H1N1) with the H275Y mutation showed impaired replicative 

ability in cell culture and reduced infectivity and substantially compromised pathogenicity in 

animal models, compared with the corresponding wild-type virus (34,35). The coincidental 

emergence of H275Y with the circulation of the A/Brisbane/59/2007 drift variant may have 

favored the emergence of fit transmissible ORVs. This point is also illustrated by the emergence 

of A/Brisbane/59/2007-like ORVs in other parts of the Northern Hemisphere and their continued 

circulation during the 2008 Southern Hemisphere influenza epidemic season (36–38). Since the 

last quarter of 2007, ORVs have been detected in continents other than Europe, with proportions 

of ORVs varying from 100% in South Africa and Australia to <5% in Japan. Trend data are 

limited: a slight monthly increase was noted in China/Hong Kong and Japan; in Canada, the 

increase was similar to that in Europe, from 0% ORVs in November 2007 to 86% ORVs in April 

2008 (36). 

Using modeling, we showed that the prevalence of ORVs increased in the European 

region from ≈0% at the start to 56% at the end of the season. The finding of a high prevalence of 

ORVs in the community and the overall temporal increase in resistance demonstrates that the 

previously documented reduced fitness of viruses bearing the H275Y mutation, ostensibly 

caused by structural and functional constraints (10), has been overcome in currently circulating 

influenza viruses A (H1N1). The results of Rameix-Welti et al. (32) suggest that a combination 

of specific amino acid substitutions have increased the affinity of the NA of recent influenza 

viruses A (H1N1) (ORVs and OSVs) for substrate. A better balance of NA and HA activities in 

ORVs compared with OSVs may have contributed to the overall fitness and transmissibility of 

ORVs. However, growth curves conducted in tissue culture of pairs of ORVs and OSVs 

demonstrated no differences in growth kinetics or final virus yields. Therefore, changes in other 
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genes also may be involved in the overall impact on the fitness of ORVs, for which whole 

genome sequencing is necessary. 

For Europe, no focal point of initiation of spread could be identified. The spread of ORV 

from west to east paralleled that of influenza virus A in Europe, and there was an average delay 

of 5.7 weeks for the appearance of ORVs after the start of influenza virus A circulation. 

However, the low R2 values for both patterns make definitive conclusions difficult to draw about 

the spatial spread of either influenza viruses A or ORVs. Several independent introductions into 

European countries of a sensitive and a resistant strain might explain the low R2 values. 

Estimating whether a global focal point exists from which ORVs emerged to spread to 

the rest of the world is not possible, but the fact that Japan, the country with the highest per 

capita use of oseltamivir (5), had relatively low levels of circulating ORVs during the 2007–08 

influenza season is relevant and reflects the limited circulation of the clade 2B 

A/Brisbane/59/2007-like viruses belonging to the European cluster in this region (31,36). 

The close relationships between the NA sequences of most of the 2007–08 European 

ORVs and their segregation from those of OSVs suggest that resistance results in large part from 

the spread of a single variant. Phylogenetic analyses show that this is a property of clade 2B 

A/Brisbane/59/2007-like viruses and is not associated with emergence of another antigenic 

variant. However, identification of other resistant variants in the United Kingdom, some of 

which are more closely related to OSVs than to most ORVs (e.g., A/England/654/2007) indicates 

the independent parallel emergence of multiple resistant variants. This is emphasized by small 

distinct clusters of closely related ORVs in Japan that are related to European OSVs, whereas 

only a few of the Japanese ORVs belonged to the large European ORVs cluster (31). Resolution 

of the origin and frequency of emergence of ORVs and association with drug use clearly require 

substantially more intimate knowledge of the genetic relationships among OSVs and ORVs 

worldwide. Our observations suggest that the new genetic background of influenza viruses A 

(H1N1) that appeared in 2007 enabled the virus to develop oseltamivir resistance independently 

at several locations in the world. 

The combined effect of the relatively high level of circulation of influenza viruses A 

(H1N1) in Europe; the introduction of a new antigenic drift variant in a susceptible population, 

partly related to the lack of substantial influenza virus A (H1N1) circulation since the 2000–01 
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season; and the uncompromised transmissibility of the ORVs contributed to the epidemiologic 

success of the ORVs during the 2007–08 season. This phenomenon shows clearly that 

continuation of antiviral susceptibility monitoring and increasing capacity for timely response 

are essential (21,39). In addition, the appearance of viable transmitting ORVs is a reminder that 

the level of resistance to oseltamivir of seasonal or pandemic virus cannot be predicted, and 

therefore antiviral strategies should not rely on single drugs (40). Although oseltamivir remains a 

valuable influenza antiviral agent, the emergence of natural resistance shifts attention from 

oseltamivir to other antiviral agents and to improved vaccination (e.g., greater vaccination 

coverage, more immunogenic and broadly reacting vaccines) in the fight against seasonal and 

pandemic influenza. 

Acknowledgments 

We thank all EISS members and sentinel GPs in the national surveillance networks for seasonal 

surveillance data, the EISS colleagues in the National Influenza Centre laboratories, and virologists of hospital and 

peripheral laboratories for contributing viruses for testing at the UK Health Protection Agency. In particular, we 

thank Theresia Popow-Kraupp, Lars Nielsen, Inna Sarv, Thedi Ziegler, Andreas Mentis, Margaret Duffy, Isabella 

Donatell, Guus Rimmelzwaan, Helena Rebelo de Andrade, Pilar Pérez-Breña, Mia Brytting, and Yves Thomas for 

providing national antiviral susceptibility data. We also thank Vicki Gregory for assistance in the phylogenetic 

analyses, Rianne van Gageldonk and Berry Wilbrink for providing the Dutch ARI-EL study data, Paul Taylor for 

development and programming of the seasonal and antiviral databases and the internet interface for data entry and 

automated data upload, and Angus Nicoll and Fred Hayden for helpful comments on the manuscript. 

Funding support for this research came from the European Union FP6 Programme for VIRGIL contract no. 

503359 and from European Centre for Disease Prevention and Control for EISS Contract No ECD.604. 

Dr Meijer is a virologist and the head of the Respiratory Viruses section of the Virology Laboratory of the 

Centre for Disease Control at the National Institute for Public Health and the Environment, Bilthoven, the 

Netherlands. His research interests are the virology and epidemiology of viral respiratory infections, with a focus on 

influenza virus infections. 

References 

1. Nichol KL. Complications of influenza and benefits of vaccination. Vaccine. 1999;17(Suppl 1):S47–

52. Medline DOI: 10.1016/S0264-410X(99)00105-X 

2. Simonsen L. The global impact of influenza on morbidity and mortality. Vaccine. 1999;17(Suppl 

1):S3–10. Medline DOI: 10.1016/S0264-410X(99)00099-7 

Page 11 of 22 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10471180&dopt=Abstract
http://dx.doi.org/10.1016/S0264-410X(99)00105-X
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10471173&dopt=Abstract
http://dx.doi.org/10.1016/S0264-410X(99)00099-7


3. Fleming DM. Managing influenza: amantadine, rimantadine and beyond. Int J Clin Pract. 

2001;55:189–95. Medline 

4. von Itzstein M. The war against influenza: discovery and development of sialidase inhibitors. Nat Rev 

Drug Discov. 2007;6:967–74. Medline DOI: 10.1038/nrd2400 

5. Neuraminidase Inhibitor Susceptibility Network. Use of influenza antivirals during 2003–2004 and 

monitoring of neuraminidase inhibitor resistance. Wkly Epidemiol Rec. 2005;80:156. Medline 

6. McKimm-Breschkin J, Trivedi T, Hampson A, Hay A, Klimov A, Tashiro M, et al. Neuraminidase 

sequence analysis and susceptibilities of influenza virus clinical isolates to zanamivir and 

oseltamivir. Antimicrob Agents Chemother. 2003;47:2264–72. Medline DOI: 

10.1128/AAC.47.7.2264-2272.2003 

7. Monto AS, McKimm-Breschkin JL, Macken C, Hampson AW, Hay A, Klimov A, et al. Detection of 

influenza viruses resistant to neuraminidase inhibitors in global surveillance during the first 3 

years of their use. Antimicrob Agents Chemother. 2006;50:2395–402. Medline DOI: 

10.1128/AAC.01339-05 

8. Hurt AC, Barr IG. Influenza viruses with reduced sensitivity to the neuraminidase inhibitor drugs in 

untreated young children. Commun Dis Intell. 2008;32:57–62. Medline 

9. Sheu TG, Deyde VM, Okomo-Adhiambo M, Garten R, Xu X, Bright R, et al. Surveillance for 

neuraminidase inhibitor resistance among human influenza A and B viruses circulating 

worldwide in 2004–2008. Antimicrob Agents Chemother. 2008;52:3284–92. Medline DOI: 

10.1128/AAC.00555-08 

10. Aoki FY, Boivin G, Roberts N. Influenza virus susceptibility and resistance to oseltamivir. Antivir 

Ther. 2007;12:603–16. Medline 

11. Monitoring of neuraminidase inhibitor resistance among clinical influenza virus isolates in Japan 

during the 2003–2006 influenza seasons. Wkly Epidemiol Rec. 2007;82:149–50. Medline 

12. Kiso M, Mitamura K, Sakai-Tagawa Y, Shiraishi K, Kawakami C, Kimura K, et al. Resistant 

influenza A viruses in children treated with oseltamivir: descriptive study. Lancet. 2004;364:759–

65. Medline DOI: 10.1016/S0140-6736(04)16934-1 

13. Ward P, Small I, Smith J, Suter P, Dutkowski R. Oseltamivir (Tamiflu) and its potential for use in the 

event of an influenza pandemic. J Antimicrob Chemother. 2005;55(Suppl 1):i5–21. Medline DOI: 

10.1093/jac/dki018 

Page 12 of 22 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=11351773&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18049471&dopt=Abstract
http://dx.doi.org/10.1038/nrd2400
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15918290&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12821478&dopt=Abstract
http://dx.doi.org/10.1128/AAC.47.7.2264-2272.2003
http://dx.doi.org/10.1128/AAC.47.7.2264-2272.2003
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16801417&dopt=Abstract
http://dx.doi.org/10.1128/AAC.01339-05
http://dx.doi.org/10.1128/AAC.01339-05
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18522305&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18625765&dopt=Abstract
http://dx.doi.org/10.1128/AAC.00555-08
http://dx.doi.org/10.1128/AAC.00555-08
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17944268&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17465078&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15337401&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(04)16934-1
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15709056&dopt=Abstract
http://dx.doi.org/10.1093/jac/dki018
http://dx.doi.org/10.1093/jac/dki018


14. Lackenby A, Hungnes O, Dudman SG, Meijer A, Paget WJ, Hay AJ, et al. Emergence of resistance to 

oseltamivir among influenza A(H1N1) viruses in Europe. Euro Surveill 2008;13:pii:8026. 

15. Snacken R, Manuguerra JC, Taylor P. European Influenza Surveillance Scheme on the Internet. 

Methods Inf Med. 1998;37:266–70. Medline 

16. Aymard M, Valette M, Lina B, Thouvenot D. Groupe Régional d'Observation de la Grippe and 

European Influenza Surveillance Scheme. Surveillance and impact of influenza in Europe. 

Vaccine. 1999;17:S30–41. Medline DOI: 10.1016/S0264-410X(99)00103-6 

17. Fleming DM, van der Velden J, Paget WJ. The evolution of influenza surveillance in Europe and 

prospects for the next ten years. Vaccine. 2003;21:1749–53. Medline DOI: 10.1016/S0264-

410X(03)00066-5 

18. Meerhoff TJ, Meijer A, Paget WJ. EISS. Methods for sentinel virological surveillance of influenza in 

Europe—an 18-country survey. Euro Surveill. 2004;9:34–8. Medline 

19. Meijer A, Valette M, Manuguerra JC, Perez-Brena P, Paget J, Brown C, et al. Virology Working 

Group of the European Influenza Surveillance Scheme. Implementation of the Community 

Network of Reference Laboratories for Human Influenza in Europe. J Clin Virol. 2005;34:87–96. 

Medline DOI: 10.1016/j.jcv.2005.02.005 

20. Meijer A, Meerhoff T, Meuwissen LE, van der Velden J, Paget WJ. European Influenza Surveillance 

Scheme (EISS). Epidemiological and virological assessment of influenza activity in Europe 

during the winter 2005–2006. Euro Surveill. 2007;12:E11–2. Medline 

21. Meijer A, Lackenby A, Hay A, Zambon M. Influenza antiviral susceptibility monitoring activities in 

relation to national antiviral stockpiles in Europe during the winter 2006/2007 season. Euro 

Surveill. 2007;12:E3–4. Medline 

22. Lackenby A, Democratis J, Siqueira MM, Zambon MC. Rapid quantitation of neuraminidase inhibitor 

drug resistance in influenza virus quasispecies. Antivir Ther. 2008;13:809–20. Medline 

23. Potier M, Mameli L, Bélisle M, Dallaire L, Melançon SB. Fluorometric assay of neuraminidase with a 

sodium (4-methylumbelliferyl-alpha-D-N-acetylneuraminate) substrate. Anal Biochem. 

1979;94:287–96. Medline DOI: 10.1016/0003-2697(79)90362-2 

24. Buxton RC, Edwards B, Juo RR, Voyta JC, Tisdale M, Bethell RC. Development of a sensitive 

chemiluminescent neuraminidase assay for the determination of influenza virus susceptibility to 

zanamivir. Anal Biochem. 2000;280:291–300. Medline DOI: 10.1006/abio.2000.4517 

Page 13 of 22 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=9787627&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10471178&dopt=Abstract
http://dx.doi.org/10.1016/S0264-410X(99)00103-6
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12686088&dopt=Abstract
http://dx.doi.org/10.1016/S0264-410X(03)00066-5
http://dx.doi.org/10.1016/S0264-410X(03)00066-5
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=14762319&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16157259&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=16157259&dopt=Abstract
http://dx.doi.org/10.1016/j.jcv.2005.02.005
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17991413&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17991386&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18839782&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=464297&dopt=Abstract
http://dx.doi.org/10.1016/0003-2697(79)90362-2
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=10790313&dopt=Abstract
http://dx.doi.org/10.1006/abio.2000.4517


25. Meijer A, Lackenby A, Taylor P, Lina B, van der Werf S, Enouf V, et al. Informatics assisting 

influenza antiviral susceptibility monitoring in Europe. In: Abstracts of the VIRGIL international 

symposium 2008 on antiviral drug resistance; Lyon, France; 2008 May 26–27. Abstract 1. 

26. Molenberghs G, Verbeke G. Models for discrete longitudinal data. 2nd ed. Springer Series in 

Statistics. New York: Springer; 2006. 

27. Gelman A, Hill J. Data analysis using regression and multilevel/hierarchical models. Cambridge: 

Cambridge University Press; 2007. 

28. R Development Core Team. 2008. R: a language and environment for statistical computing. Vienna: 

R Foundation for Statistical Computing; 2008 [cited 2008 Dec 12]. Available from http://www.R-

project.org  

29. Massart DL, Smeyers-Verbeke J, Capron X, Schlesier K. Visual presentation of data by means of box 

plots. LC-GC Europe. 2005;18:215–8. 

30. World Influenza Centre. Characteristics of human influenza AH1N1, AH3N2, and B viruses isolated 

September 2007 to February 2008 [cited 2008 Sep 26]. Available from 

http://www.nimr.mrc.ac.uk/wic/report/documents/interim_report_mar_2008.pdf  

31. Influenza Drug Resistance Surveillance Team, National Institute of Infectious Diseases, Tokyo. 

Detection of oseltamivir-resistant influenza A/H1N1 virus strains with an H275Y mutation in 

Japan, November 2007–March 2008 [in Japanese]. Infectious Agents Surveillance Report. 

2008;29:155–9. 

32. Rameix-Welti MA, Enouf V, Cuvelier F, Jeannin P, van der Werf S. Enzymatic properties of the 

neuraminidase of seasonal H1N1 influenza viruses provide insights for the emergence of natural 

resistance to oseltamivir. PLoS Pathog. 2008;4:e1000103. Medline DOI: 

10.1371/journal.ppat.1000103 

33. Yen HL, Ilyushina NA, Salomon R, Hoffmann E, Webster RG, Govorkova EA. Neuraminidase 

inhibitor-resistant recombinant A/Vietnam/1203/04 (H5N1) influenza viruses retain their 

replication efficiency and pathogenicity in vitro and in vivo. J Virol. 2007;81:12418–26. Medline 

DOI: 10.1128/JVI.01067-07 

34. Ives JA, Carr JA, Mendel DB, Tai CY, Lambkin R, Kelly L, et al. The H274Y mutation in the 

influenza A/H1N1 neuraminidase active site following oseltamivir phosphate treatment leave 

virus severely compromised both in vitro and in vivo. Antiviral Res. 2002;55:307–17. Medline 

DOI: 10.1016/S0166-3542(02)00053-0 

Page 14 of 22 

http://www.r-project.org/
http://www.r-project.org/
http://www.nimr.mrc.ac.uk/wic/report/documents/interim_report_mar_2008.pdf
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18654625&dopt=Abstract
http://dx.doi.org/10.1371/journal.ppat.1000103
http://dx.doi.org/10.1371/journal.ppat.1000103
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17855542&dopt=Abstract
http://dx.doi.org/10.1128/JVI.01067-07
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12103431&dopt=Abstract
http://dx.doi.org/10.1016/S0166-3542(02)00053-0


35. Herlocher ML, Truscon R, Elias S, Yen HL, Roberts NA, Ohmit SE, et al. Influenza viruses resistant 

to the antiviral drug oseltamivir: transmission studies in ferrets. J Infect Dis. 2004;190:1627–30. 

Medline DOI: 10.1086/424572 

36. World Health Organization. Influenza A(H1N1) virus resistance to oseltamivir. Last quarter 2007 to 

first quarter 2008. Preliminary summary and future plans. 2008 Jun 13 [cited 2008 Sep 26]. 

Available from http://www.who.int/csr/disease/influenza/oseltamivir_summary/en/index.html  

37. World Health Organization. Influenza A(H1N1) virus resistance to oseltamivir. Summary table [cited 

2008 Dec 12]. Available from http://www.who.int/csr/disease/influenza/h1n1_table/en/index.html  

38. Besselaar TG, Naidoo D, Buys A, Gregory V, McAnerney J, Manamela JM, et al. Widespread 

oseltamivir resistance in influenza A viruses (H1N1), South Africa. Emerg Infect Dis. 

2008;14:1809–10. Medline DOI: 10.3201/eid1411.080958 

39. Meijer A, Lackenby A, Hay A, Zambon M. Influenza antiviral susceptibility monitoring activities in 

relation to national antiviral stockpiles in Europe during the winter 2006/2007 season [letter]. 

Euro Surveill. 2007;12:E070628.5. 

40. van der Vries E, van den Berg B, Schutten M. Fatal oseltamivir-resistant influenza virus infection. N 

Engl J Med. 2008;359:1074–6. Medline DOI: 10.1056/NEJMc0803120 

Address for correspondence: Adam Meijer, Centre for Infectious Disease Control, National Institute for Public 

Health and the Environment, PO Box 1, 3720 BA Bilthoven, the Netherlands; email: adam.meijer@rivm.nl  

 

Page 15 of 22 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15478068&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=15478068&dopt=Abstract
http://dx.doi.org/10.1086/424572
http://www.who.int/csr/disease/influenza/oseltamivir_summary/en/index.html
http://www.who.int/csr/disease/influenza/h1n1_table/en/index.html
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18976580&dopt=Abstract
http://dx.doi.org/10.3201/eid1411.080958
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18768958&dopt=Abstract
http://dx.doi.org/10.1056/NEJMc0803120
mailto:adam.meijer@rivm.nl


 
Table. Peak incidence rates of ILI or ARI infection for countries for which data were available, Europe, 2000–01 through 2007–08 
influenza seasons* 

Peak incidence rate/10,000 population during influenza season 
2000–01 through 2007–08 

Peak incidence 
rates‡ 

 Dominant virus¶ 
Country 

ILI/ 
ARI† Median Range 

Consecutive 
no. seasons§ 2000–01 2007–08  

Incidence 
rate ratio p value 

Austria# ILI 168.1 108.0–263.2 4 NA 186.1 (H1)    
Belgium ILI 51.9 30.3–95.1 8 30.3 (H1) 38.0 (H1)  1.3 0.004 
Bulgaria ARI NA   NA 186.0 (H1)    
Czech Republic ARI 188.1 134.5–320.0 8 310.2 (H1) 144.4 (H1)  0.5 1.000 
Denmark ILI 30.7 13.8–47.8 8 44.5 (H1) 13.8 (H1)  0.3 1.000 
Estonia ILI 2.9 0.6–4.9 3 NA 2.9 (H1)    
France ARI 336.1 279.7–448.8 7 NA 279.7 (H1)    
Germany ARI 185.6 136.9–256.5 8 247.3 (H1) 136.9 (H1/B)  0.6 1.000 
Greece ILI 27.7 23.1–42.1 3 NA 23.1 (H1)    
Hungary ILI 50.1 21.0–54.6 3 NA 54.6 (H1)    
Ireland ILI 7.5 2.9–12.1 8 12.1 (H1) 4.9 (H1/B)  0.4 1.000 
Italy ILI 79.5 27.6–428.2 8 56.7 (H1) 72.1 (H1/B)  1.3 0.000 
Latvia ILI 45.6 25.1–93.3 5 NA 26.6 (H1)    
Lithuania ILI 34.9 13.3–47.2 7 NA 13.3 (H1)    
Luxembourg ILI 72.6 32.7–79.1 5 NA 67.4 (H1)    
The Netherlands ILI 10.3 6.6–24.0 8 6.9 (H1) 7.2 (H1/B)  1.0 0.400 
Norway ILI 18.5 10.9–31.7 3 NA 10.9 (H1/B)    
Poland ILI 23.0 6.2–66.7 7 NA 16.6 (H1)    
Portugal ILI 8.1 3.0–17.4 8 3.8 (H1) 6.2 (H1/B)  1.6 0.016 
Romania ILI 1.2 0.4–3.7 4 NA 1.4 (H1)    
Serbia ILI 37.8 30.6–44.9 2 NA 30.6 (H1)    
Slovakia ILI 136.3 49.5–337.3 8 337.3 (H1) 49.5 (H1)  0.1 1.000 
Slovenia ILI 15.2 4.5–39.2 8 14.1 (H1) 20.4 (H1)  1.5 0.001 
Spain ILI 21.2 4.2–54.1 8 4.2 (H1) 20.3 (H1/B)  4.8 0.000 
Sweden# ILI 2.0 1.6–5.8 5 5.8 (H1) 1.8 (B)  0.3 1.000 
Switzerland ILI 39.8 19.4–53.2 7 NA 29.7 (H1)    
United Kingdom ILI 3.8 2.7–8.4 8 5.5 (H1) 2.7 (H1/B)  0.5 1.000 
*ILI, influenza-like illness; ARI, acute respiratory infection; NA, data not available. 
†For countries where both ILI and ARI data were available, only the ILI data are shown. 
‡2007–08 compared with 2000–01. The incidence rate ratio was calculated by dividing the peak incidence rate for 2007–08 by the peak incidence rate for 
2000–01. If the p value estimated using z-statistics is <0.05, the incidence rate ratio is significantly >1, and therefore the peak incidence rate for 2007–08 
is significantly higher than that for 2000–01. 
§Leading up to 2007–08. 
¶Dominant virus estimated on the basis of combined sentinel and nonsentinel data. The limits for codominant virus types/subtypes were 45%:55%. 
#Data for seasons 2002–03, 2003–04, and 2004–05 were missing. 
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Figure 1. Prescription data of oseltamivir treatment courses for Western Europe (in thousands); 12 

months of data for each year 2002–2007 and through September for 2008. Data from the United 

Kingdom, the Netherlands, Switzerland, and Portugal are excluded because of negligible values. Data 

provided by IMS Health (www.imshealth.com), London, UK. 

 

Figure 2. Total number of influenza virus detections, by type and subtype and by week, Europe, winter 

2007–08. 
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Figure 3. Total influenza A viruses subtyped as H1N1 and number of oseltamivir-resistant or oseltamivir-

sensitive viruses among the subset of influenza viruses A (H1N1) for which oseltamivir susceptibility was 

determined, by week, Europe, winter 2007–08. 

 

Figure 4. Modeled average prevalence of oseltamivir-resistant influenza viruses A (H1N1), with 95% 

confidence intervals (error bars), ranked by country, Europe, winter 2007–08. Text columns on the right 

list the absolute cumulative number of oseltamivir-resistant influenza viruses A (H1N1) and number of 

influenza viruses A (H1N1) tested for oseltamivir susceptibility per country. 

Page 18 of 22 



 

Figure 5. Weighted average prevalence of oseltamvir-resistant influenza viruses A (H1N1), Europe, winter 

2007–08. The light gray region indicates the 95% confidence interval. 
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Figure 6. Phylogenetic comparisons of the hemagglutinin (A) and neuraminidase (B) genes of influenza 

viruses A (H1N1). Sequences of oseltamivir-resistant viruses, possessing the H275Y (H274Y in N2 

numbering) mutation are in boldface; vaccine strains are in italics. Common amino acid changes that 

distinguish clades 1 and 2 and subgroups of clade 2 are shown. Scale bars indicate 0.01 nucleotide 

substitutions per site. 
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Appendix Table. GenBank accession numbers of hemagglutinin and neuraminidase sequences used in the phylogenetic analyses* 
Strain Hemagglutinin Neuraminidase 
A/Athens/41/2008 FJ654307 FJ403554 
A/Austria/403918/2008 FJ654334 FJ403581 
A/Austria/404811/2008 FJ654331 FJ654335 
A/Barcelona/00083/2008 FJ654312 FJ403560 
A/Belgium/G257/2008 FJ654300 FJ403562 
A/Berlin/1/2008 FJ654311 FJ403557 
A/Berlin/47/2008 FJ654333 FJ403568 
A/Brisbane/59/2007 CY030230 CY030233 
A/Bucharest/137/2008 FJ654316 FJ403576 
A/Bucharest/229/2008 FJ654323 FJ403548 
A/Bulgaria/155/2008 FJ654313 FJ403566 
A/Canary Islands/RR2915/2007 FJ654319 FJ403570 
A/Denmark/4/2008 FJ654337 FJ403588 
A/Denmark/27/2007 ND FJ403583 
A/England/493/2006 FJ445027 Not included 
A/England/494/2006 FJ445085 FJ445080 
A/England/514/2006 Not included FJ445081 
A/England/545/2007 FJ445044 FJ445087 
A/England/557/2007 FJ445089 EU624316 
A/England/654/2007 FJ445090 FJ445025 
A/England/684/2007 FJ654338 FJ403586 
A/Finland/11/2008 ND FJ380948 
A/Fukushima/141/2006 FJ654301 FJ403584 
A/Geneva/9296/2008 FJ654332 FJ403574 
A/Georgia/20/2006 ND EU516197 
A/Georgia/131/2007 FJ654303 FJ403553 
A/Hawaii/21/2007 EU516080 EU516112 
A/Hong Kong/2652/2006 CY031342 FJ403585 
A/Hungary/13/2008 FJ654320 FJ403564 
A/Ireland/v1088/2008 FJ654327 FJ403572 
A/Kiev/245/2008 FJ654330 FJ403578 
A/Kiev/313/2008 FJ654315 FJ403561 
A/Latvia/938/2008 FJ654329 FJ403569 
A/Lisbon/3/2008 FJ654310 FJ403558 
A/Lisbon/15/2008 FJ654318 FJ403579 
A/Luxembourg/20/2008 ND FJ403565 
A/Luxembourg/116/2008 FJ654328 FJ403582 
A/Lyon/1337/2007 CY031384 FJ403553 
A/Massachusetts/5/2007 EU516110 EU516028 
A/Netherlands/159/2008 ND FJ445020 
A/Netherlands/162/2008 ND FJ445021 
A/New Caledonia/20/99 CY031336 AJ518023 
A/New Jersey/15/2007 EU516083 EU885517 
A/Norway/1729/2007 FJ654306 FJ403552 
A/Norway/1736/2007 FJ654304 FJ403550 
A/Norway/1758/2007 FJ654305 FJ403551 
A/Ostrava/79/2008 FJ654314 FJ403559 
A/Paris/0341/2007 EU551832 EU551811 
A/Paris/0546/2007 EU551837 EU551822 
A/Parma/34/2008 FJ654324 FJ403575 
A/Scotland/5/2008 FJ654326 FJ403587 
A/Slovenia/123/2008 FJ654322 FJ403563 
A/Slovenia/131/2008 FJ654321 FJ403571 
A/Solomon Islands/3/2006 EU100724 EU124136 
A/Stockholm/6/2008 FJ654339 FJ403546 
A/Stockholm/18/2007 FJ654308 FJ403547 
A/St. Petersburg/10/2007 FJ654302 FJ403549 
A/Thessaloniki/24/2005 FJ654336 FJ403567 
A/Trieste/16/2008 FJ654309 FJ403556 
A/Turkey/1558/2007 FJ654317 FJ403577 
A/Zagreb/1982/2008 FJ654325 FJ403573 

*ND, not determined. 
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Appendix Figure. Fitted curves to the proportion oseltamivir-resistant viruses among influenza viruses A 

(H1N1) tested for resistance (both sentinel and nonsentinel) for all countries for which data were available 

for inclusion in modeling the European trend (see Figure 4). The x axes display the week in which the 

clinical specimens were collected (weeks 40–52 of 2007 and weeks 1–19 of 2008). The y axes display 

the percentage oseltamivir resistant influenza viruses A (H1N1). Plus signs indicate the actual determined 

proportions resistant A (H1N1) viruses; light gray region is the 95% confidence interval of the model. 
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